Clinical and metabolic consequences of complicated thyroid resection procedures are rarely an object of complex analysis, and teams participating in treatment may have a very limited knowledge of them. the aim of the study was to assess clinical and metabolic consequences of complicated thyroid surgical procedures. material and methods. In the years 2002-2007, 756 patients underwent surgery due to non-neoplastic thyroid diseases. Sixty-nine (9.1%) patients experienced complications manifesting as vocal cord paralysis and/or hypoparathyroidism. Follow-up examination was conducted in a group of 42 persons, which amounted to 61% of patients who experienced complications following thyroid surgical procedures. Follow-up examination, comprising assessment of morphotic blood elements, electrolyte, lipid and parathormone blood concentrations, thyroid hormone activity, respiratory function, vocal cord mobility, bone mineralization and ultrasound examination of the pocket left after thyroid resection, was conducted after the mean period of 43 months following surgery. Results. In the analyzed group, no significant differences in plasma electrolyte content were found (sodium, potassium, magnesium, calcium and phosphorus ions). In the group of patients with chronic hypoparathyroidism, no hypophosphatemia was observed, and there were no reports of concomitant nephrolithiasis or cataract. Increased cholesterol concentration was observed in the group of patients with chronic hypoparathyroidism and without hypoparathyroidism (p = 0.07). In 35% of patients with chronic vocal cord paralysis, abnormal results of spirometry tests were obtained. In the group of patients with chronic hypoparathyroidism, densitometry examination revealed higher T-score values compared with patients with transient hypoparathyroidism and vocal cord paralysis (p = 0.07). No bone mineralization disorders manifesting as pathological fractures were noted. Conclusions. The knowledge of clinical and metabolic consequences of complicated thyroid surgical procedures, due to their complexity, may be very limited among the members of both surgical teams and teams involved in management of complications. Development of a complication following thyroid surgery may be associated with significant homeostasis disorders, especially as regards calcium-phosphate metabolism, the skeletal system and the respiratory system. Such disorders can manifest long after the disease onset, only properly intensified and long-term management allows limitation of their extent.
prox. 0.2-1.2% of patients, it is impossible to maintain patency of the upper respiratory tract, and they require tracheostomy or a procedure of laterofixation of the vocal cords soon after the surgery.
Initially, the treatment of vocal cord paralysis includes pharmacological therapy in combination with physiotherapy (galvanic stimulation, calcium ionophoresis, potassium ionophoresis, diathermy and inhalations). Early voice rehabilitation is an important element of vocal cord paralysis treatment. Patients qualified for surgical treatment include mostly those with bilateral vocal cord paralysis, usually with the vocal cords placed in adduction, who suffer from ventilation abnormalities. Most frequently, a surgical procedure is performed after 6 months, except for patients with marked respiratory obstruction. During this time, the patient is monitored for possible recurrence of nerve function, and available methods of conservative treatment are used. The most common procedures include posterior chordectomy, partial medial arytenoidectomy and laterofixation of the vocal cords.
Treatment of hypoparathyroidism should begin as early as possible, preferably before clinical symptoms of this disorder occur. Pharmacological treatment is limited to oral calcium supplementation, and if symptoms occur, it involves also intravenous calcium supplementation in combination with vitamin D supplementation. In case of long-term pharmacological treatment, agents containing hydrochlorothiazide are recommended, in particular when hypercalciuria or nephrolithiasis are diagnosed. In cases of hyperphosphatemia, a dietary regimen with limited content of phosphate and/or administration of phosphatebinding agents (aluminum hydroxide, sevelamer) are indicated.
Removal of thyroid glandular tissue, especially after procedures of total thyroid removal, results in iatrogenic hypothyroidism. A significant percentage of patients require Lthyroxine supplementation. The need for supplementation depends also upon the type of surgery performed. All patients after total thyroidectomy use L-thyroxine, and in case of less radical procedures (subtotal and near total thyroidectomy), the percentage of patients requiring supplementation is from approx. 50-60% (34) to 100% (11) .
include suspected or confirmed thyroid neoplastic disease, the presence of goiter with the following compressive symptoms: obstructive disorders of the upper respiratory tract, superior vena cava syndrome or symptoms of nervous structure damage. Relative indications include the presence of "cold" nodules in scyntygraphic examination, the presence of retrosternal nodular goiter, the presence of overactive goiter, ineffective conservative treatment, cosmetic issues and the patient's willingness to experience quick and definitive recovery (1) (2) (3) (4) .
At present, the most popular type of surgical treatment is total removal of a thyroid lobe or of the whole thyroid gland. Removal of the whole thyroid is considered necessary in case of neoplastic disease and Graves-Basedow's disease goiter. There is an increasing number of authors who find this type of procedure to be a treatment option for all patients with any form of multinodular goiter (5) (6) (7) (8) .
In spite of improvements in surgical methods and the use of new techniques (minimally invasive approach with the use of videosurgery methods, neuromonitoring of the recurrent laryngeal nerve, intraoperative parathormone measurements, the use of new hemostatic instruments), thyroid surgical procedures are not free from complications, typical both of general surgery and of thyroid surgery. The latter include damage to nervous structures (9, 10), namely the external branch of the superior laryngeal nerve, peritracheal part of the vagus nerve, trunk of the recurrent laryngeal nerve and its branch to the posterior cricoarytenoid muscle as well as functional damage to the parathyroid glands or their removal.
Vocal cord paralysis, resulting from impaired conductance in the recurrent laryngeal nerve, is present in approx. 4-10% patients, and can be of transient or chronic nature.
Postoperative hypothyroidism is present in as many as 30% of patients undergoing surgical treatment, and can manifest as asymptomatic hypocalcemia or symptomatic hypocalcemia. In a significant percentage of patients undergoing surgical treatment, this disorder is of transient nature, and can persist for a period from approx. 2-4 weeks to as long as two years after surgery.
Initial management of postoperative vocal cord paralysis is focused on maintenance of patency of the upper respiratory tract. In ap-Treatment with thyroid hormone agents in suppressive doses, especially in post-menopausal women, affects the bone tissue (through reducing bone mineral density), increasing the risk of osteoporosis and pathological fractures (12, 13) . Development of hypothyroidism also causes impairment of bone structure, through increased bone mineralization with concomitant impairment of trabecular bone structure and increased risk of pathological fractures (14, 15) . The use of thyroid hormone doses resulting in normal levels of TSH does not affect mineral bone density (16) .
Development of vocal cord paralysis requires laryngological and phoniatric posthospital care as well as reduction of physical activity level (17) . In patients with permanent complications causing significant stenosis of the respiratory tract, surgical procedures are performed to widen the glottal lumen (18) .
In some patients, especially with bilateral vocal cord paralysis, spirometry tests reveal decreased values of inspiratory and expiratory flow as well as increased resistance during inspiration and expiration (19) .
Treatment of postoperative hypoparathyroidism requires regular use of numerous agents (calcium, vitamin D, thiazides) as well as endocrinological and ophthalmological follow-up.
Knowledge of basic consequences of the complications, their impact on the patient's life, long-term health status and limited access to specialist, complex treatment seems to be important for every doctor in teams involved in surgical treatment of patients with thyroid diseases. Even when using all possible means, development of complications cannot be eliminated. This information will allow appropriate treatment planning and providing suitable care after patient's discharge from hospital.
The aim of the study was to assess the clinical and metabolic state of patients following complicated thyroid resection procedures due to non-neoplastic diseases. Thyroid ultrasound examination was performed using the ESOATE TECHNOS MPX with a high-frequency 4-13 MHz transducer supporting color Doppler and power Doppler features. The examination was performed according to the Polish Ultrasound Society's standards (21, 22) .
MATERIAL AND METHODS

In
The collected data were analyzed statistically with the use of tests based on a studentized range, allowing grouping of means (Tukey's test and Duncan's test).
The assumed level of statistical significance was α = 0.05.
RESULTS
In patients with chronic and transient hypoparathyroidism, no differences in basic electrolyte concentrations were observed (sodium, potassium, total calcium, magnesium, inorganic phosphorus) in the blood serum (tab. 3). It is worth noting that patients with chronic hypoparathyroidism were being supplemented with calcium and vitamin D at the time of examination.
The results of blood morphotic parameter measurements also showed no statistically significant differences.
Serum concentrations of total cholesterol (Chol), triglycerides (TG), high-density lipoproteins (HDL) and low-density lipoproteins (LDL) were also measured in order to assess possible changes in individual complications. The results revealed that patients with chron-− measurement of serum activity of thyroidstimulating hormone (TSH), free triiodothyronine (fT3), free thyroxine (fT4); − measurement of serum parathormone (PTH) activity; − spirometry test; − laryngological examination (assessment of vocal cord mobility in indirect laryngoscopic examination); − neck ultrasound; − densitometry test.
Blood tests were performed, according to official procedures of collection and transportation of material drawn from a peripheral vein, in Diagnostic Laboratory of the District Hospital in Kielce. The assessed parameters, material, measurement method and system type are listed in tab. 2.
Spirometry tests were performed using the Spirometr MICROLAB MK8 system. The results were interpreted in line with the patient's race, age and sex, according to the ERS/ECCS (European Respiratory Society/European Community for Coal and Steel) population norms (20) .
Laryngological examination was performed in patients diagnosed with signs of paresis or paralysis of one of both vocal cords postoperatively during hospital stay or after discharge, as well as in situations where patients reported symptoms suggestive of an undiagnosed complication. Assessment of vocal cord mobility was performed in indirect laryngoscopic examination. In the laryngoscopic examination, the following end-points were assumed: − immobile vocal cord (paralysis), vocal cord position (in adduction, intermediate position, in abduction); ic hypoparathyroidism had a higher serum concentration of total cholesterol. The result was not statistically significant at the assumed statistical significance level α = 0.05 (tab. 4). Thyroid hormone activity (TSH, fT3, fT4) was assessed (tab. 5).
All patients in the 42-person group were given thyroid hormone supplementation. In the majority of patients, that is 37 (88%), no disorders of thyroid hormone metabolism were found; thyroid-stimulating hormone activity was within the reference normal range.
In 2 patients (5%), signs of hypothyroidism were found based on the results of the measurement of thyroid-stimulating hormone activity. They were given 166 µg of L-thyroxine on average. On the other hand, in 3 cases (7%), signs of iatrogenic hyperthyroidism were found (mean daily dose of L-thyroxine -83.3 µg).
The results of parathormone concentration measurements are summarized in tab. 6.
In 20 patients (48%) with postoperative hypoparathyroidism, normal parathormone concentrations were found -the complication was of transient nature.
In spirometry tests performed in patients with chronic vocal cord paresis or unilateral vocal cord paralysis, obstructive symptoms were found in 23.5% of patients, restrictive symptoms -in 5.9% and mixed symptoms -in 5.9%. In total, respiratory disorders were diagnosed using the spirometry test in 35.3% of patients with chronic vocal cord mobility disorders (tab. 7).
In the group of patients without vocal cord mobility disorders, obstructive disorders were seen in 3 persons (12%); they included one patient with transient bilateral vocal cord paralysis (tab. 8).
In an analysis of 756 disease histories, one case was found of tracheostomy performed in a female patient with bilateral vocal cord pa- Analysis of vocal cord mobility was performed, assessed in indirect laryngoscopic examination in the group of patients diagnosed with chronic uni-or bilateral vocal cord paralysis.
In the group of patients (n = 17) with chronic uni-or bilateral recurrent laryngeal nerve damage, unilateral vocal cord paralysis was found in 7 patients (41%), unilateral paresis was found in 9 patients (53%), and one patient was diagnosed with unilateral paresis and unilateral paralysis (6%).
In most cases (13; 76%), the vocal cord was placed in an abducted position.
In 2 patients (66%) with an adducted position of one of the vocal cords, spirometry tests revealed obstructive changes, and 3 patients (100%) reported the following symptoms: hoarseness (100%), dyspnea (66%) and stridor (33%). Symptoms typical of recurrent laryngeal nerve damage were reported by 57% of patients with vocal cord paralysis and 44% of patients with vocal cord paresis. The presence of bilateral complications was always associated with typical symptoms.
In patients with chronic postoperative hypoparathyroidism, higher T-score values for the femoral neck and lumbar spine mineral bone density assessment were observed. Nevertheless, Duncan's multiple range test and Tukey's studentized range test (HSD) in the study groups did not reveal statistically significant differences in T-score values for the femoral neck and lumbar spine in patients with chronic hypoparathyroidism compared with the remaining patients (tab. 9). All patients underwent neck ultrasound. During the analysis it was assumed that the volume of the right lobe does not exceed 15 cm 3 (tab. 10).
Ultrasound examination in two patients (5%) -one following near total thyroid removal due to retrosternal nodular goiter and one following total thyroid removal due to re- of this complication may be as high as 30%, and increases with increased radicality of thyroid surgery procedures. The incidence of chronic complication ranges from 0.1% to 5% (25, 26) . The fate of patients after discharge from hospital depends mostly on the complication type. All patients require endocrinological follow-up and management of postoperative hypothyroidism. In case of hypoparathyroidism, the patients receive additional care from an endocrinologist, usually from the same physician, who treated them before the surgery. The percentage of patients with postoperative hyperparathyroidism receiving constant endocrinological care every 3 to 6 months was 94%.
The situation is significantly worse in case of managing patients with vocal cord paralysis. After discharge, the patients are not treated in a complex way, as was the case during their hospital stay. Their treatment is limited to laryngological follow-up in only 68% of patients, and to phoniatric follow-up in only 40%. Only 20% of patients use both forms of treatment. The authors of a small number of papers (27, 28, 29) concerning the problem of complex treatment of patients with laryngeal nerve function disorders, emphasize also the difficulties concerning complex and early onset of treatment and its continuation.
In the group of patients who underwent biochemistry tests assessing the state of thyroid hormone metabolism, no significant disorders were found. Only in 12% of patients thyroid hormone metabolism disorders were found -5% of patients were diagnosed with hypothyroidism, and 7% were diagnosed with iatrogenic hyperthyroidism. It is worth noting that, paradoxically, the dose of thyroid hormones administered was not correlated with the type of a complication. Hypothyroidism was diagnosed at the L-thyroxine daily dose of 200 µg and 135 µg. The problem of increased demand for L-thyroxine in certain patients is associated with concomitant diseases, the health status and medicines used (30). The most frequent causes include intestinal malabsorption, chronic gastritis, H. pylori infection, the use of amiodarone, propranolol, proton pump inhibitors, H 2 -blockers, iron agents and estrogens.
In the analyzed groups, no statistically significant differences in plasma electrolyte current goiter -revealed the presence of glandular tissue in the left lobe of volume exceeding the accepted norm. The incidence of goiter recurrence (5%) in the group of patients who underwent follow-up examination was higher than the percentage of indication for surgical treatment of recurrent goiter in the study period. Recurrent goiter in the group of 756 patients operated in the years 2002-2007 amounted to 0.9% of all indications for surgical treatment of the thyroid gland.
The presence of nodular changes in thyroid parenchyma was diagnosed in 2 patients (5%) after subtotal goiter removal due to nodular goiter. One person had two hypoechogenic nodules 1.7 and 2 mm in diameter in the right lobe stump, the other was diagnosed with normoechogenic nodules 3.7 and 4 mm in diameter in the left and right lobes. In both cases, the nodules had a smooth contour with type I vascularity.
Median volume assessed in ultrasound examination of thyroid glandular tissue was in the range from 0.85 ml after a subtotal thyroid removal procedure, to 0.20 ml after an extracapsular thyroid removal and is in line with assumptions made while determining the extent of the surgical procedure. In the group of 42 patients with vocal cord paralysis and/or hypoparathyroidism, the percentage of complications was similar to results reported by other authors (23, 24) . A relatively high percentage of bilateral vocal cord paralysis of 2.1% (16 patients) among all operated patients was significantly decreased in follow-up examination. In the study group, 7 patients (58.3%) experienced unilateral, and 4 (33.3%) complete resolution of the complication, and only one person (8.3%) the complication was of persistent nature.
Postoperative hypoparathyroidism occurred more commonly than vocal cord paralysis. Its incidence in the study group amounted to 5.4%. According to different authors, the incidence content were found (sodium, potassium, magnesium, calcium and phosphate ions). In addition, the available literature (31-34) contains no reports of electrolyte metabolism disorders, in cases where proper supplementation of thyroid and parathyroid hormones was used.
In light of the available indications, substitution treatment of patients with hypoparathyroidism can be considered appropriate (30). In the group of patients with chronic hypoparathyroidism, no hypophosphatemia was observed. In addition, there were no reports of concomitant nephrolithiasis or previous cataract treatment.
Test for assessing lipid metabolism disorders an increased cholesterol concentration was found in the group of patients with postoperative hypoparathyroidism. This result might be associated with the risk of metabolic syndrome in patients with low vitamin D levels, which was described in the literature (35, 36) . No paper was found describing this relationship in case of hypoparathyroidism. Furthermore, some authors (37) name increased PTH concentration as one of the factors leading to metabolic syndrome. The recent papers (36) negate this direct relationship between PHT concentration and metabolic syndrome risk.
In the results of spirometry tests, 35% of patients with chronic vocal cord paralysis had changes resulting from increased inspiratory and expiratory resistance of the respiratory tract. The incidence of such disorders was higher in patients with vocal cords placed in adduction. One of few papers (19) dedicated to objective studies on disorders of respiratory tract patency in patients with vocal cord mobility disorders reports a decrease in forced expiratory volume in 1 second (FEV1), peak expiratory flow (PEF), forced inspiratory volume in 1 second (FIV1) and peak inspiratory flow (PIF). Such spirometry test results prove objectively the presence of limited respiratory function in the patients, affecting their normal activities, and the risk of its further limitation following lung diseases, which are common at a later age.
Neck ultrasound revealed goiter recurrence in 5% of patients. It is worth noting that one person underwent near total goiter removal, while the other -removal of recurrent goiter. No recurrent goiter was seen in patients who underwent the procedure of total removal of the thyroid gland or the lobe. In addition, in two patients following subtotal goiter removal, nodular changes were detected in the residual parenchyma. Those changes were qualified for observation. Another issue that requires explanation is the presence of a small volume of glandular tissue in the pocket, seen in patients after total removal of the thyroid gland or the lobe. Analysis of the literature (39) makes it valid to assume that full confirmation of nodular tissue removal can be achieved in radioiodine uptake test examination 131 I when its result is below 1%. In one study involving 102 patients after thyroidectomy, a significant volume of residual gland in ultrasound examination was found in 33.3% of patients (40) . In another study, which assessed residual thyroid glandular tissue after total thyroidectomy, because of differentiated thyroid cancer, scyntygraphic examination revealed the presence of glandular tissue in 93.1% of operated patients, mostly contralaterally in relation to the tumor and outside of the thyroid pocket (41) . In Polish studies, the percentage of residual glandular tissue after total thyroid removal, assessed by radioiodine uptake 131 I >1%, ranged from 30% to 80% (39) . The above proves that the procedure of total thyroidectomy may be associated with a small amount of glandular tissue left in the patient's body. This is important when patients undergo surgery due to neoplastic indications, in case of assessing indications for iodine therapy.
In the group of patients with chronic hypoparathyroidism, densitometry examination revealed increased bone mineral density manifested as higher T-score values compared with patients with transient hypoparathyroidism and vocal cord paralysis. The differences were not statistically significant at the statistical significance level α = 0.05 (p-values for the femoral head and lumbar spine were 0.2645 and 0.0728, respectively). The presence of the above changes may be associated with decreased resistance to fractures. No bone mineralization disorders manifesting as pathological fractures were noted.
The available literature (42, 43, 44) contains reports of bone mineralization disorders manifesting as increased bone density with concomitant impairment of bone structure in patients with hypoparathyroidism. On the other hand, in the group of patients without chronic hypoparathyroidism, there are a rela-tively high percentage of patients (40) with signs of osteoporosis (17%) and osteopenia (23%). The English-speaking literature (38, 45, 46, 47) emphasizes the impact of thyroid hormone supplementation on bone mineralization disorders. This issue is reported in post-menopausal women treated for thyroid cancer and using suppressive doses of thyroid hormones. The authors negate increased risk of osteoporosis in patients treated with thyroid hormones in supplemental doses.
Based on this paper, a list was presented containing health problems in patients following a thyroid surgical procedure with postoperative hypoparathyroidism and vocal cord paralysis. Such patients may be expected to develop parathyroid hormone metabolism disorders and, in consequence, disorders of electrolyte metabolism, bone mineralization and lipid metabolism, as well as respiratory function disorders. Those problems are merely a direct medical issue. Worth noting is the significant impact of complications on the patient's personal life, family relations and accompanying psychosocial disorders (17) . Only individual approach towards the patient, from the moment of qualification for surgery to the post-operative period and, subsequently, proper management of complications, makes it possible to achieve satisfying results that would allow the patient to resume normal activities and avoid additional consequences of the surgery (nephrolithiasis, cataract, respiratory infectious diseases, bone fractures, atherosclerosis).
CONCLUSIONS
1. The knowledge of clinical and metabolic consequences of complicated thyroid surgical procedures, due to their complexity, may be very limited among the members of both surgical teams and teams involved in management of complications. 2. Development of a complication following thyroid surgery may be associated with significant homeostasis disorders, especially as regards calcium-phosphate metabolism, the skeletal system and the respiratory system. 3. Such disorders can manifest long after the disease onset -only properly intensified and long-term management allows limitation of their extent.
